Nowadays, more and more distributed generations and renewable energy sources, such as wind, solar and tidal power, are connected to the public grid by the means of power inverters. They often form microgrids before being connected to the public grid. Due to the availability of high current power electronic devices, it is inevitable to use several inverters in parallel for high-power and/or low-cost applications. So, inverters should be connected in parallel to provide system redundancy and high reliability, which are important for critical customers. This paper presents a new structure based on combination of extended-boost quasi z-source converters and parallel inverters to increase the output voltage in a wide range, usable in photovoltaic (PV) systems. Additionally, the proposed inverter has all the advantages of parallel power converters. The proposed topology and its performances are validated using simulation results which are obtained in Matlab/Simulink.
I. INTRODUCTION
In recent years, due to energy crisis, renewable energy sources, such as wind, photovoltaic (PV) and fuel cell are becoming more popular in industrial and residential applications. Today, PV cells are used in many applications due to the advantages like less maintenance, free from pollution and zero fuel cost [1] . Standalone solar modules are commonly used for house hold lighting, street lighting, etc. Large scale solar generating stations are being installed for supplying power to utility grid. Fig.  1 and Fig. 2 show the structure of photovoltaic systems and the equivalent circuit of a solar cell, respectively. A photovoltaic module is formed by connecting many solar cells in series and parallel. In PV generation, power converter interface is the major part in the overall system. Power converter topologies employed in the PV power generation systems are mainly characterized by two-or single-stage inverters. The single-stage inverter is an attractive solution due to its compactness, low cost, and reliability. However, its conventional structure must be oversized to cope with the wide PV voltage variation Manuscript received January 7, 2015; revised April 14, 2015. derived from changes of irradiation and temperature. The two-stage inverter topology applies a boost dc/dc converter to minimize the required kilovoltampere rating of the inverter and boost the wide-range input voltage to a constant desired output value. However, the switch in the dc/dc converter will increase the cost and decrease the efficiency [2] .
The Z-source inverter (ZSI) presents a new singlestage structure to achieve the voltage boost/buck character in a single power conversion stage, which has been reported in applications to PV systems [3] . The ZSI has gained popularity as a single-stage buck-boost inverter topology among many researchers. However, its boosting capability could be limited and therefore it may not be suitable for some applications requiring very high boost demanding of cascading other dc-dc boost converters. This could lose the efficiency and demand more sensing for controlling the added new stages.
Over the recent years, many researchers have given their focus in many directions to develop ZSI to achieve different objectives [3] - [10] . A new family of extended boost quasi ZSI (EBQZSI) proposed to fill the research gap left in the development of ZSI [11] . The most important profits of this topology are increasing output voltage in a wide range and its expandability as that for each added new stage the boost factor can be increased by a constant factor.
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Vdc Vo is to increase the number of sources. Another way to increase the reliability is to have parallel inverters and this would increase the redundancy as well as the maintainability of the inverters. Moreover, the parallel connected inverters effectively offer a significantly higher level of availability than conventional approaches. Commercially available ratings range from several kVA to hundreds of kVA. Parallel connection techniques for inverters have been gaining increasing attentions in motor-drive systems, converter systems, and distributed generation systems [12] - [16] . Paralleled inverters can be built in numerous ways. First and the most obvious way is to have independent inverters with separate dc sources [17] and the other possibility is to connect the inverters into a common dc source [18] . First method is common as it is simple. However, it requires more than one power source. In the context of Z-source inverter, this method requires more than one independent Z-source impedance network. Therefore, this paper proposes a new hybrid structure based on EBQZS converters and parallel inverters which share one dc-input voltage to increase the output voltage in a wide range which is not limited to the dc-output voltage of the PV array.
The main point in this study is proposing a structure in order to link the PV dc-output voltage to the load, and for this reason the PV array is substituted with a DC source.
This paper is started with a short summary about EBQZSI and its different types in Section II. Operating principles and the equivalent circuit of the proposed topology are presented in Section III. Section IV presents the simulation results and finally, conclusions are drawn in Section V.
II. EXTENDED BOOST QUASI Z-SOURCE INVERTER TOPOLOGIES
Extended Boost Quasi Z-Source (EBQZS) converter as z-source converter can utilize shoot-through (short circuit) states to boost the dc-bus voltage by gating on both the upper and lower switches of a phase leg. There are four topologies for EBQZSI in [11] . These topologies can be mainly categorized as diode assisted boost or capacitor assisted boost and can be further divided into continuous current and discontinuous current topologies. All these topologies can be modulated using the modulation methods proposed for the original ZSI. The other main advantage of these topologies is their expandability. This was not possible with the original ZSI, i.e. if one needs to increase the boosting range, another stage can be cascaded at the front end without increasing the number of active switches. Fig. 3, Fig. 4 , Fig. 5 and Fig. 6 show the diode assisted boost and capacitor assisted boost, respectively. All figures are drawn for the second extension of these structures.
All the topologies show higher boost and lower voltage stress across the capacitors compared to those of traditional ZSI. The following equations are obtainable according to Fig. 7 (a) that shows the first extension of the capacitor assisted extended boost discontinuous current quasi Z-source inverter. This converter has three operating states similar to those of the traditional ZSI topology. For simplicity, it can be simplified into shootthrough and nonshoot-through states. Figure 6 . Capacitor-Assisted extended-boost discontinuous-current qZSI. The inverter's action is replaced by a current source plus a single switch. First, consider the nonshoot-through state, which is represented with an open switch. Fig. 7(b) shows the equivalent-circuit diagram for nonshootthrough state. Then, by applying KVL, the following steady-state equations can be observed:
Consider equivalent circuit of shoot-through state shown in Fig. 7 (c):
Considering the fact that the average voltage across the inductors is zero and by defining the shoot-through duty ratio as S D and nonshoot-through duty ratio as A D , where 1 AS DD  , the following equations can be derived:
where, sh T is the total shoot-through state period and ns T is the total nonshoot-through state period during all period of switching, T. According to the above equations, boost factor for one stage capacitor-assisted extendedboost is as follows:
The following equation is obtained for both structures of capacitor-assisted extended-boost in which the boost factor will increase while the number of stages increases:
where, n is the number of capacitor-assisted stages. The added stages provide the boosting function without disturbing the operation of inverter.
Similar argument, boost factor relation for both topologies discontinuous-current and continuous-current for diode-assisted can be written as:
III. PROPOSED TOPOLOGY Parallel operation of inverters has many advantages such as modularity, ease of maintenance, (n+1) redundancy, high reliability, etc. [19] - [22] . In addition to these, output current ripple of the paralleled inverter can be reduced significantly by virtue of interleaving effect [23] . The basic concept of the proposed Extended Boost Quasi Z-source with N-parallel inverters is shown in Fig.  8 . In the proposed topology ( Fig. 8) both the diodeassisted and capacitor-assisted extended-boost quasi Z-Source topologies can be used. However, capacitorassisted topology is used in this paper, because it would produce high boost with smaller shoot-through as well as it would apply lower voltage stress on devices [11] . It is assumed that all the inverters share the same dc bus that is fed from EBQZS converters.
According to (13) and (14), different gains due to different boost factors can be achieved for both the diode and capacitor assisted extended boost qZSI:
Then the peak ac-output voltage ˆo ut V can be written as follows: Since the voltage at the point of common connection is derived from the switching of different power semiconductors, an intermodule reactor is absolutely necessary to interconnect the different inverters. Fig. 9 shows a simplified equivalent circuit of the system illustrated in Fig. 8 . It is assumed that each inverter develops a balanced three phase voltage and its intermodule reactor consists of identical phase inductors. However, differences may exist between different inverter modules, both in voltage and reactance.
Under such assumptions, the equivalent circuit illustrated in Fig. 9 , may be further simplified into a phasor equivalent circuit shown in Fig. 10 . Here, each inverter is represented by its internal phasor voltage source, and one inductor and one resistor representing the equivalent series resistance of the circuit. It may be observed from (20) , that various i Z play an important role in determining the sharing of current between the different modules. In order to quantify this phenomenon, the sensitivity of the current to the thevenin impedance, i Z can be determined to be: 
Therefore, small deviations in equivalent thevenin impedances of inverters can result in uneven current distributions as suggested by (20) . From (21) , we can also observe that, if the thevenin impedance is increased, the dependence of output current on the output impedance is also decreased leading to better current distribution.
As mentioned previously, this topology can be modulated using the modulation methods such as the simple control [3] , maximum boost control [24] and third-harmonic injection control [25] . Table I is the summary of different PWM control methods for basic ZSI. Fig. 11(a) shows voltage gain versus modulation index and Fig. 11(b) shows voltage stress versus modulation index for different PWM control methods which have been used in basic ZSI. It is obvious from these figures, the operation region of the third-harmonic injection method is more than the others and by using this method, voltage gain versus modulation index for both the diode-assisted and capacitor-assisted EBQZSI topologies are drawn in Fig. 12(a) and Fig. 12(b) , respectively. These figures show how increasing in the number of stages (n) will increase the operation region. 
IV. SIMULATION RESULTS
Extensive computer simulation using MATLAB-Simulink has been performed to prove performance of the proposed inverter. The simulation schematic is shown in Fig. 13 . The results are obtained for the operation of discontinuous current capacitor-assisted extended boost qZSI topology. The structure parameters are presented in Table II . The modulation method which is proposed in [24] is used in this simulation.
It is considered that the converter is operated with zero boost in the beginning and at t = 250ms the shoot-through is increased to 0.2 while the modulation index is kept constant at 0.967.
The simulation results for the voltage across the inverters (Vx) and output voltage are shown in Fig. 14  and Fig. 15 . The output current of the top and down inverters and the load current are shown in Fig. 16(a) , Fig.  16(b) and Fig. 16(c) , respectively. All simulation results comply with the equations derived in Sections II and III. As mentioned, increment in the number of EBQZS converter stages will increase the amplitude of voltage to a desired value. Additionally, in conditions where the load requires higher current, in order to prevent the probable damages to the switches, by increasing the number of inverters in parallel we can supply the load by desired current.
V. CONCLUSION
This paper has presented a new structure based on combination of extended-boost quasi z-source converters and parallel inverters to expand the range of system's voltage gain and supply high load currents. With this structure, the proposed inverter has the following features:
a) The proposed inverter has all the advantages of paralleling power converters such as modularity, ease of maintenance, (n+1) redundancy, high reliability, reducing of the output current ripple by virtue of interleaving effect, etc. b) It can be short-or open-circuited without damaging switching devices. Therefore, it is very resistant to EMI noise and therefore its robustness and reliability are significantly improved. c) Voltage gain of the proposed inverter can be increased by increasing in the number of extended-boost quasi z-source converter stages. d) Since here the load current can be divided between all inverters, in conditions where the load requires high current, the probable damages to the switches which can be caused by high currents are preventable. The steady state operation is performed to analyze the boosting capability then it is validated by simulation results.
